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COMPOSITIONS OF CTG AND SAPONIN ADJUVANTS AND 
METHODS THEREOF 

^DOFTHEINVENTLON 

The present invention is in the field of immune adjuvants and vaccines. 
The compositions of the invention stimulate immunity, enhance cellntnediated 
immunity, and enhance antibody production. 

BACKGROUND OF THE INVENTIQN 

Adjuvant saponins have been identified and purified from an aqueous 
extract of the bark of the South American tree, Quilk^a sapomria Molina. 
Among the 22 saponin peaks which were separable, the more predominant 
purified saponins have been identified as ^-7, C^IT, QS-18, and QS-21, also 
known as QA-7, QA-17, QA-18, and QA-21r respectively, lliese saponins have 
been substantially purified by various methods including high pressure liquid 
chromatography (*'HFLC'0, low pressure liquid siKca chromatography, and 
hydrophific interactive chromatography (TnUCT). The substantially pure 
saponins have been fotmd to be useful as immune adjuvants for enhancing 
immune responses in individuals. (Kensil, et aL, US. Patent No. 5^)57,540; 
Kensil, et ah, /. bnmunoL 148:2357 (1991); Mardani, et aL, Vaccine 9:89 (1991).) 

Recentiy, oligonucleotides containing the unmethylated cytosine-guanine 
("CpG") dinudeotide in a particular sequence context or motif have been 
shown to be potent stimulators of several types of immune cells m vitro. 
(Weiner, et aL, Proc. Natl Acad. Sd. 94:10833 (1997).) An immimostimulatory 
oligonucleotide comprising an immethylated CpG motif is an dinudeotide 
within the oligpnudeotide that consistentiy triggers an immunostimulatory 
response and release of cytokines. CpG motifs can stimulate monocytes, 
macrophages, and dendritic cells that can produce several cytokines, induding 
die T helper 1 ("Th 1") cytokine interleukin ("XL") 12. (Carson, et al., /. Exp. 
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Med. 186:1621 (1997).) Hus effect causes the induction of IFN-y secretion by 
natural killer cells, which in turn, activates macrophages and enhances 
immunoglobulin isolype switching to IgG2a, a hallmark of T helper cefl 
immunity and differentiation. (Chu, et al., /. Exp. Med. 186:1623 (1997).) 
Klinman, et aL, have shown that a DNA motif consisting of an unmethylated 
CpG dinudeotide Hanked by two 5' purines (GpA or ApA) and two 3' 
pyrimidines CTpC or TpT) optimaUy stimulated B cells to produce IL-6 and IL- 
12 and stimulated CD4+ T cells to produce IL-6 and IFN-y both in vitro and in 
vivo. (FOinman, et al., Proc Natl. Acad. Sci., 93:2879 (1996).) Davis, et al., the 
contents of which are incorporated herein by reference, discovered that nudeic 
adds containing at least one unmethylated CpG dinudeotide may affect the 
immune response of a subject (Davis, et al, WO 98/40100, PCr/US98/04703). 

SUMMARY OF THE INVKlMTinM 

Since immunity plays an important role in the protective response to 
infection with certain microbial agents, a need exists to characterize other novd 
adjuvants *at may safely induce immunity. Such adjuvants may be 
potentially incorporated in future human vaccines. Surprisingly, a combination 
of an oligonudeotide comprising at least one unmethylated CpG dinudeotide 
and a saponin adjuvant was found to be a powerful stimulator of ceU-mediated 
immunity compared to eitfier adjuvant alone. Antibody titers (antigen-spedfic) 
in response to vacdnation were significantfy higher for vacdnes comprising a 
CpG-oontaining ollgonudeotide/saponin adjuvant combination compared to 
either saponin or CpG alone and represented a positive synergistic adjuvant 
effect. Together, these results estabUsh that an immune adjuvant composition 
comprising an immunostimulatory oUgonudeotide comprising at least one 
unmetiiylated CpG dinudeotide and a saponin adjuvant is a candidate 
adjuvant composition for vaccines to induce immunity. Accordingly, the 
present invention provides novd vacdne compositions which comprise an 
immunostimulatory oligonudeotide, a saponin adjuvant, and an antigen. 
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Methods for increasing the immune response to an antigen by administrating 
Ae inventive vaccine competitions and/or immune adjuvant compositions are 
other embodiments described herein. 

DESCRIPTION OF THE HGURES 

Figure 1 depicts a graph showing the enhancement of a cell-mediated 
immune response by Q&-21 and CpG oIigonucleotide/QS-21 combination, as 
evidenced by the CTL inductiozL 

Figure 2 provides a graph showing the enhancement of a cell-mediated 
immime response by QS-21 and CpG oiigonudeotide/C^21 combination, as 
evidenced by the CTL inductioiu 

Figure 3 shows a bar graph of enhanced antibody production, 
particularly the antibody subclasses such as IgG2a that are influenced by Th 1 
cytokines. 

Figure 4 shov^ a bar graph of IgGl titers specific for pneimiococcal 
Type 14 polysaccharide with the various formulations and for combinations of 
Q&'21 and CpG oligonucleotide in mouse sera collected 21 days after a first 
immunization given on day 0. 

Figure 5 illustrates a bar graph of IgG2a titers specific for pneumococcal 
Type 14 polysaccharide with the various formulations and/or combinations of 
QS-21 and CpG oligonucleotide in mouse sera collected 21 days after a first 
immunization given on day 0. 

Figure 6 provides a bar graph of IgG3 titers specific for pneumococcal 
Type 14 polysaccharide with the various formulations and/or combinations of 
QS-21 and CpG oligonucleotide in mouse sera collected 21 days after a first 
immunization given on day 0. 

Figure 7 depicts a bar graph of IgGl titers specific for pneumococcal 
Type 14 polysaccharide with the various formulations and/or combinations of 
QS-21 and CpG oligonucleotide in mouse sera collected 14 days after a second 
immunization given 28 days after the first immunization. 
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Hgure 8 provides a bar graph of IgG2a titers specific for pneumococcal 
Tjrpe 14 polysaccharide with the various formulations and/or combinations of 
QS-21 and CpG oligonucleotide in mouse sera collected 14 days after a second 
immunization given 28 days after the first immunization. 

Figure 9 shows a bar graph of IgG3 titers specific for pneumococcal 
Type 14 polysaccharide with the various formulations and/or combinations of 
QS-21 and CpG oligonucleotide in mouse sera collected 14 days after a second 
immuni2ation given 28 days after the first immunization. 

DESCRIFnON OF THK PR EFERRKD RVfUQDIMBNTC 

The term "saponin" as used herein includes gjycosidic hiterpenoid 
compounds which produce foam in aqueous solution, have hemolytic activity 
in most cases, and possess immune adjuvant activity. The invention 
encompasses the saponin per se, as weU as natural and pharmaceutically 
acceptable salts and pharmaceuticaUy acceptable derivatives. The term 
"saponin" also encompasses biologically active fragments thereof. 

The saponins of the present invention may be obtained from the free 
QuiJkqa saponaria Molina. (Dalsgaard, Acta Veterinia Samdmaoica, 69:1 (1978).) 
A partially purified saponin enriched exfract, prepared as described by 
Dalsgaard, TQuil-A") has adjuvant activity. Such an exfract can be further 
separated. Among the 22 saponin peaks which were separable, the more 
predominant purified saponins have been identified as QS-7, QS-17, QS-18, and 
QS-21, also known as QA-7, QA-17, QA-18, and QA-21, respectively. (Kensil, 
et aL, U.S. Patent No. 5,057^0.) These saponins have been substantially 
purified by various methods including HPLC, low pressure Hquid silica 
chromatography, and HHJC. 

As described in Kensil, et al., U5. Patent No. 5^57^40, the contents of 
which are fully incorporated by reference herein, the adjuvant activity of such 
saponins may be deteimmed by any of a number of methods known to those 
of ordinary skill in the art. The increase in antibody titer of antibody against 
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specific antigen upon administration of an adjuvant may be used as a criteria 
for adjuvant activity, (Bomford, Jnt Archs. Allergy Appl Itnmm. 77:409 (1985).) 
Briefly, one such test involves injecting CD-I mice intradennally with an 
antigen (for instance, bovine serum albumin, C*BSA**)) mixed with varying 
amounts of the potential adjuvant Sera was harvested from the mice two 
weeks later and tested by ELBA for anti-BSA antibody. 

Another such test involves injecting inbred mice such as C57BL/6 or 
Balb/c by subcutaneous route with a protein antigen such as ovalbumin 
("OVA") or a polysaccharide antigen such as pneumococcal polysaccharide, 
mixed with the potential adjuvant Sera harvested form the mice after one/ 
tow, or three immunizations could be harvested and tested by EUSA for 
antigen-specific antibody (total immunoglobulin) or for specific mouse IgG 
subdassses such as IgGl or IgGZa. Another such test involves ii^'ecting 
C57BL/6 mice with OVA, harvesting spleens after one, two, or tiiree 
immunizations, stimulating splenocytes with antigen, and tiien assaying for 
cytolytic T lymphocyte activity ("kUling") of OVA-peptide-expressing target 
cells. Alternative, a proliferative response could be measured in an m vitro 
assay by measuring the uptake of ^H-thymidine by antigen-stimulated 
splenocytes obtained from immunized animals. 

"C^21" designates the mixture of components QS-21-V1 and QS-21-V2 
which appear as a single peak on reverse phase HPLC on Vydac C4 (5 yan 
particle size, 300A pore, 4.6 mm ro x 25 cm length) in 40 mM acetic acid in 
mettianol/water (58/42, v/v). Hie component fractions are referred to 
specifically as QS-21-V1 and QS-21-V2 when describing experiments performed 
on the further purified components. 

According to Kensil, et aL, U.S. Patent No. 5,583,112, the contents of 
which are fully incorporated by reference herein, the carboxyl group on the 
glucuronic add of Quilkjn sapmaria Molina can be conjugated to a protem, a 
peptide, or a small molecule containing a primaiy amine. Thus, the present 
invention relates to a chemically modified saponin adjuvant or a :l^action 
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thereof obtainable from a crude QuiUaja saponaria Molina extract, wherein the 
chemically modified saponin or fraction thereof comprises at least one of QS- 
17, QS-18, QS-21, QS-21-V1, and QS-21-V2, and wherein the modified saponin 
retains adjuvant activity. 

The term **partially pure" means saponins partially separated from 
compoimds normally associated with the saponin in its natural state. 

The term "substantially pure" means substantially free from compounds 
normally associated with the saponin in its natural state and exhibiting 
constant and reproducible chromatographic response, elution profiles, and 
biologic activity. The term "substantiaUy pure" is not meant to exclude 
artificial or synthetic mixtures of the saponin witii other compounds. 

Hie pxesent invention may also employ immunostimulatoiy saponii\s 
isolated from other plant species. For example, a saponin from Dolichos lablab 
has been shown to be useful as an adjuvant (Katayan, et aL, Vaccine 17:2733 
(1999)). 

The term 'Immimostimulatory oligonucleotide comprising at least one 
unmethylated CpG dinudeotide" means an oligonucleotide that has been 
shown to activate the immune system. The immunostimulatory 
oligonucleotide may, preferably, comprise at least one unmethylated CpG 
dinudeotide. A "CpG motif" is a stretch of DNA comprising one or more CpG 
dinudeotides within a specified sequence. The oligonudeotide comprising the 
CpG motif may be as short as 5-40 base pairs in length. The 
immunostimulatory oligonudeotide containing the CpG motif may be a 
monomer or part of a multimer. Alternatively, the CpG motif may be a part of 
the sequence of a vector that also presents a DNA vaccine. It may be single- 
stranded or double-stranded. It may be prepared synthetically or produced in 
large scale in plasmids. One embodiment of ttie invention covers the 
inunuiiostimulatory oligonudeotide which contains a CpG motif having the 
formula 5'XiCGX23V wherein at least one nucleotide separates consecutive 
CpGs, and wherein is adenine, guanine, or thymine, and is cytosine. 
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thymine^ or adenixie. In a prefeired embodiment the CpG motif comprises 
TCrcCCAGCGTGCGCCAT (also known as "1758") or 
TCCATGACGTTCCTGACGTr (also known as "1826'y 

DNA containing unmethyiated CpG dinudeotide motifis in the context of 
certain flanking sequences has been fotmd to be a potent stimulator of several 
types of immime cells in vitro, (Ballas^ et al., /. ImmunoL 157:1840 (1996); 
Cowdrey, et aL, /. ImmunoL 156:4570 (1996); Krieg, et al,. Nature 374546 
(1995).) Depending on the flanking sequences, certain CpG motifs may be 
more immunostimulatory for B cell or T cell responses, and preferentially 
stimulate certain spedes. When a humoral response is desired, preferred 
immunostimulatDry oligonudeotides oomprising an uiunethylated CpG motif 
will be ttu>se that preferentially stimulate a B cell response. When cell- 
mediated immunity is desired, preferred immxinostimulatory oligonudeotides 
comprising at least one immethylated CpG dinudeotide will be those that 
stimulate secretion of cytokines known to facilitate a CD8+ T cell response. 

The immunostimulatory oligonudeotides of the invention may be 
diemically modified in a ntmiber of ways in order to stabilize the 
oligonudeotide against endogenous endonudeases. For example, the 
oligonudeotides may contain other than phosphodiester linkages in which the 
nudeotides at the 5' end and/or 3* end of tire oligonudeotide have been 
replaod with any ntunber of non-traditional bases or chemical groups, such as 
phosphorothioate-modified nudeotides. The immunostimulatory 
oligonudeotide comprising at least one unmettiylated CpG dinudeotide may 
preferably be modified with at least one such phosphorothioate-modified 
nudeotide. Oligonudeotides with phosphorothioate-inodified linkages may be 
prepared using methods well known in the field such as phosphoramidite 
(Agrawal, et aL, Proc, NatL Acad. Sd. 85:7079 (1988)) or H-ph£»phonate 
(Froehler, et aL, Tetmhedron Lett 27:5575 (1986)). Examples of other modifying 
chemical groups indude alkylphosphonates, phosphoroditihioates, 
alkylphosphorothioates, phosphoramidates, 2-O-methyls, carbamates. 
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acetamidates, carboxymetiiyl esters, carbonates, and phosphate tdesteis. ' 
OKgonudeotides with these linkages can be prepared according to known 
methods (GoodchUd, Chm. Rev. 90:543 (1990); Uhlmann, et aL, Chem. Rep. 
90534 (1990); and Agrawal, et aL, Trends BiotecfmoL 10:152 (1992)). 

The term Immune adjuvanf as used herein refers to compounds which, 
when administered to an individual or tested in vitro, increase the immune 
response to an antigen in the individual or test system to which the antigen is 
administered. Preferably, such individuals are mammals, and more preferably, 
the mammals are humans, however, the invention is not intended to be so 
limiting. Any animal which may experience the beneedal effects of the 
vaccines of the invention are within the scope of animals which may be treated 
according to the claimed invention. Some antigens are weakly immunogenic 
when administered alone, i.e., indudng no or weak antibody titers or cell- 
mediated immune response. An immune adjuvant may enhance the immune 
response of the individual by increasing antibody titers and/or cell-mediated 
immunity. The adjuvant effiect may also lower the dose of the antigen efiective 
to achieve an immune response in the individual 

In a first aspect of the invention, an immune adjuvant composition 
comprising a saponin adjuvant and an immunostunulatory oUgonudeotide 
may be administered. More preferably, such immune adjuvant compositron 
may increase the immune response to an antigen in an individual or a test 
system to which the antigen is administered. Preferably, the saponin adjuvant 
is a saponin from QuiOaja sapomria Molina. More preferably, the saponin 
adjuvant is a partially pure or substantially pure saponin from QuiUaja 
saponaria Molina. Preferably, the partially pure saponin may comprise QS-7, 
QS-17, QS-18, and/or QS-21 and may comprise other saponins. Preferably, the 
substantiaUy pure saponin adjuvant is QS-7, QS-17, QS-18, or Q5-21. Most 
preferably, the siibstantiaUy pure saponin adjuvant is QS-21. Alternatively, the 
immune adjuvant composition may comprise more than one substantially pure 
saponin adjuvant with the immunostimulatory oUgonudeotide. In a further 
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preferred enibodiment, the saponin ac^uvant may cx>ver a chemically modified 
saponin adjuvant or a fraction thereof obtainable from a crude QuUhqa 
sapormia Molina extract, wherein the chemically modified saponin or fraction 
thereof comprises at least one of QS^\7, QS-18, QS-21, QS-21-V1, and QS-21-V2, 
and wherein the chemically modified saponin retains adjuvant activity. The 
immunostimulatDry oligcmudeotide, preferably, compries at least one 
unmethylated CpG dinudeotide. The CpG dinucleotide is preferably a 
monomer or multimer. Another preferred embodiment of the CpG motif is as 
a part of the sequence of a vector tiiat also presents a DNA vaccine. Yet 
another embodiment of the immune adjuvant composition is directed to the 
immunostimulatory oligonucleotide, wherein the immunostimulatory 
oligonucleotide is modified. The particular modification may comprise at least 
one phosphorothioate-modified nucleotide. Further, the immunostimuiatory 
oligonucleotide having at least one unmethylated CpG dinucleotide may 
comprise a CpG motif having the formula S'XiCGXjS', wherein at least one 
nucleotide separates consecutive CpGs, and wherein X, is adenine, guanine, or 
thymine, and X2 is cytosine, thymine, or adenine. The CpG motif may 
preferentially be TCTCCCAGCGTGCGCCAT or 
TCCATGACGTTCCrGACGTT. 

In a second aspect, the invention is directed to a method for increasing 
the immune response to an antigen in an individual or a test system to which 
the antigen is administered comprising administering an effective amount of an 
immtme adjuvant composition comprising a saponin adjuvant and an 
immtmostimulatory oligonucleotide further. Preferably, the saponin adjuvant 
is a saponin from QuiUaja sapormia Molina. More preferably, the saponin 
adjuvant is a partially pure or a substantially pure saponin from QuiUiga 
saponaria Moliiu. The method may also embody an immime adjuvant 
composition comprising more than one substantially pure saponin acljuvant 
and immunostimulatory oligonucleotide. The substantially pure saponin 
adjuvant is preferably QS-7, Q5-17, QS-18, or QS-21. Most preferably, the 
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substantially pure saponin adjuvant is QS-21. In a further preferred 
embodiment^ the saponin adjuvant may cover a chemically modified saponin 
adjuvant or a fraction thereof obtainable Aom a crude Quillaja saponaria Molina 
extract, wherein the chemically modified saponin or fraction thereof comprises 
at least one of QS-17, QS-18, QS.21, QS-21-V1, and QS-21-V2, and wherein the 
chemically modified saponin retains adjuvant activity. In a preferred 
embodiment of the method, the immunostimulatory oligonucleotide comprises 
at least one unmethylated CpG dinudeotide. The CpG motif is preferably a 
monomer or a multimer. Another preferred embodiment of the method 
includes the CpG motif as a part of the sequence of a vector that presents a 
DNA vaccine. Yet another embodiment is directed to the method wherein the 
immunostimulatory oligonucleotide comprises at least one unmethylated CpG 
dinudeotide, and wherein furthermore, the immunostimulatory oligonudeotide 
may be chemically modified to stabilize the oligonudeotide against 
endogenous endonudeases. The modification may comprise at least one 
phosphorothioate-modified nudeotide. Further, the metiiod may be directed, 
in part, to the immunostimulatory oligonudeotide having at least one 
unmettiylated CpG dinudeotide comprising a CpG motif having the formula 
5%CGX^\ wherein at least one nudeotide separates consecutive CpGs, and 
wherein X, is adenine, guanine, or thymine, and X2 is cytosine, tiiymine, or 
adenine. In another prefened method, the unmettiylated CpG motif is 
TCTCCCAGCGTGCGCCAT or TCCATGACGTICCTGACGTr. 

The term Vaccine composition" heron refers to a composition capable of 
produdng an immune response. A vacdne composition, according to the 
invention, would produce immunity against disease in individuals. The 
combination of saponin and immunostimulatory oligonudeotide of tfie present 
invention may be administered to an individual to enhance the immune 
response to any antigen. Preferably, the vaccine composition stimulates 
immunity. More preferably, the vaccine composition enhances antibody 
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production to an antigen and enhances a cell-mediated immune response to an 
antigen. 

Tbs vaccine composition of the invention may enhance antibody 
production to an antigen in a positive synergistic manner. The synergistic 
adjuvant effect of the immunostimulatory oligonucleotide and the saponin 
adjuvant described harein may be shown in a number of ways. For example, a 
s)mergistic adjuvant effect may be demonstrated as an increase in the 
maximum expected immune response. One may expect an additive effect of 
combining two adjuvants. Specifically, if one adjuvant, used at optimum 
doses, produces "X" and tiie other adjuvant, also used at optimum doses, 
produces "Y" antibody, tiien the combination may be expected to produce 
"X+Y" if the result is additive and not synergistic. A maximiun level of 
response that is considerably higher than "X+Y" would be considered a 
synergistic effect and would be imexpected. A second indication of synergism 
would be die appearance of a substantial adjuvant effect at doses that are 
normally not expected to produce an adjuvant effect A third indication of 
synergism would be the appearance of an immune response with earlier 
kinetics than expected for dtiier adjuvant alone. 

Further, typical antigens suitable for the enhanced immune response 
include antigens derived from any of the following: viruses, such as influenza, 
feline leukemia virus, feline immunodeficiency virus, HIV-1, HIV-2, rabies, 
measles, hepatitis B, or hoof and mouth disease; bacteria, such as anthrax, 
diphtiieria, Lyme disease, pnetmiococcus, or tuberculosis; or protozoans, such 
as Babeosis bovis or Plasmodium. The antigen may preferably be a protein, a 
peptide, a polysaccharide, a lipid, a glycolipid, a phospholipid, or a nucleic 
add encoding the antigenic protein or peptide of interest. The antigens may be 
purified from a natural source, synthesized by means of solid phase synthesis, 
or may be obtained by means of gezietic engineering. 

Accordingly, in a third aspect, the invention also encompasses a vaccine 
composition comprising a saponin adjuvant, an immunostimulatory 
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oligonudeotide^ and an antigen. The saponin adjuvant may be partially pure 
or substantially pure saponin from QuiUaja saponaria Molina. The vaccine 
compositions may also comprise more than one partially pure or substantially 
pure saponin adjuvant, an immunostimulatory oligonucleotide further 
comprising at least one unmethylated CpG motif, and an antigen. Preferably, 
the partially pure saponin adjuvant comprises QS-7, <^17, QS-18, and/or QS- 
21 and may comprise other saponins. Preferably, the substantially pure 
saponin adjuvant is QS-7, QS-17, QS-18, or QS-21. A further preferred 
embodiment encompasses saponin adjuvants wherein a chemically modified 
saponin adjuvant or a fraction thereof obtainable from a crude QuiUaja 
saponaria Molina extract, wherein the chemically modified saponin or fraction 
thereof comprises at least one of QS-17, QS-18, QS-21, QS-21-Vl^ and QS-21-V2, 
and wherein the chemically modified saponin retains adjuvant activity. Most 
preferably, the partially pure or substantially pure saponin adjuvant in the 
vaccine composition is QS-21. The immimostimulatory oligonucleotide may 
preferably comprise at least one unmethylated CpG dinucleotide. The CpG 
motif may preferably be a monomer or a multimer. Another preferred 
embodiment of the CpG motif is as a part of the sequence of a vector that also 
presents a DNA vacdne. Yet another embodiment of the vaccine composition 
described herein is directed to the immunostimulatory oligonucleotide 
comprising at least one unmethylated CpG dinudeotide comprises a chemical 
modification. More particularly, the immunostimulatoiy oligonucleotide may 
be modified with at least one phosphorothioate-modified nucleotide. Further, 
the immunostimidatory oligonucleotide having at least one unmethylated CpG 
dinucleotide of the vaccine composition comprises a CpG motif having the 
formula 5'XiCGX23V wherein at least one nucleotide separates consecutive 
CpGs, and wherein X, is adenine, guanine, or thymine, and Xg is cytosine, 
thymine, or adenine. The unmethylated CpG motif according to this aspect of 
the invention may preferentially comprise TCTCCCAGCGTGCGCCAT or 
TCCATGACGTrCCTGACGTT. 
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A fourth aspect of the invention encompasses a method of stimulating 
immunity to an antigen in an individual comprising administering an effective 
amount of a vacdne composition comprising an antigen, a partially pure or 
substantially pure saponin adjuvant, and an immunostimulatory 
oligonucleotide. Ihe method also embodies a vaccine composition comprising 
more than one partially pure or siibstantialiy pure saponin adjuvant an 
immxinostimulatory oligonucleotide, and an antigen. Preferably, the partially 
pure saponin adjuvant comprises C^7, QS-18, and/or QS-21 and may 

comprise other saponins. Preferably, the substantially pure saponin adjuvant 
comprises QS-Z, QS-17, QS-IS, or Q&-21. Most preferably, according to this 
method, the partially pure or substantially pure sapcmin adjuvant is QS-21. The 
saponin adjuvant may preferably be a chemically modified saponin adjuvant or 
a fraction thereof obtainable from a crude QuiUaja sapomria Molina extract, 
wherein the chemically modified saponin or fraction thereof comprises at least 
one of QS-17, QS-18, QS-21, QS-21-V1, and QS-21-V2, and wherem the 
chemically modified saponin retains adjuvant activity. Preferably, the method 
comprises administering an immunostimulatory oligonucleotide which further 
comprises at least one uiunethylated CpG dinudeotide. The CpG dinucleotide 
therein is a monomer or a multimer. Another preferred embodiment of the 
method includes the CpG motif as a part of fiie sequence of a vector that also 
presents a DNA vaccine. Yet another embodiment of the miethod disclosed 
herein is directed to the immimostimulatory oligonucleotide comprisir^ at least 
one unmethylated CpG dinucleotide, wherein the immunostimulatory 
oligonucleotide may be chemically modified to increase its stability to 
endogenous endonudeases. Such a modification may comprise at least one 
phosphorothioate-modified nudeotide. Further, the immunostimulatory 
oligonudeotide having at least one unmethylated CpG dinudeotide may 
comprise a CpG motif having the formula 5%CGX^\ wherein at least one 
nudeotide separates consecutive CpGs, and wherein Xj is adenine, guanine, or 
thymine, and Xj is cytosine, thymine, or adenine, hi another preferred 
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embodiment, the unmethylated CpG motif is TCTCCCAGCGTGCGCC AT or 
TCCATGACGTTCCTGACGTT. 

Other useful methods for the vaccine composition Include enhancing 
antibody production to an antigen and enhancing cell-mediated immuiuty. 
More preferably^ ibe vaccine composition enhances antibody production to an 
antigen and enhances a cell*mediated immunity. Most preferably, the vaccine 
composition enhances antibody production to an antigen in a positive 
synergistic manner. 

Administration of die compositions of the present invention may be by 
parenteral, intravenous, intramuscular, subcutaneous, intranasal, oreil, mucosal, 
or any other suitable means. The dosage administered may be dependent 
upon the age, weight, kind of concurrent treatment, if any, and nature of the 
antigen administered. The initial dose may be followed up with a booster 
dosage after a period of about f oiu- weeks to enhance the immunogenic 
response. Further booster dosages may also be administered. The composition 
may be given as a single izijection of a mixed formulation of saponiiv 
oligonucleotide, and antigen or as separate injections given at the same site 
within a short period of time (ix., 0-2 days). 

The effective compositions of the present invention may he employed in 
such forms as capsules, liquid solutions, suspensions or elixirs for oral 
administration, or sterile liquid forms such as solutions or suspensions. Any 
inert acceptable carrier may preferably be used, such as saline, or PBS, or any 
such acceptable carrier in which the compositions of the present invention have 
suitable solubility properties for use of the present invention. 

A well-established animal model was used to assess whether 
formulations of CpG oligonucleotide and QS-21 together could function as an 
immune adjuvant. In brief, experiments were set up to compare QS-21 to the 
recently reported adjuvant CpG motif. A CpG sequence {e.g., 1758), reported 
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to serve as an adjuvant for a B-cell lymphoma idiotype-KLH vaccine in mice, 
was selected. One experiment evaluated whether the CpG motif, alone or in 
combination witii can serve as an adjuvant for a subimit vaccine, eg., 

OVA, in mice in inducing CTL responses. This work included a dose range 
experiment with CpG to determine the optimum dose. 

In addition to comparing CpG and QS-21 as adjuvants, a second 
experiment combining CpG oligonucleotide with suboptlmal doses of ^-21 
{e.g., 125 ]ig) was conducted to assess whether CpG oligonucleotide can affect 
the adjuvant effect of QS-21. 

Also, an experiment was performed to determine whether the CpG and 
QS-21 combination could ei\hance antibody production, specifically the isotype 
profile of a antigen-spedfic antibody response. 

Hnally, a series of experiments were performed to determine whether a 
combination of CpG oligonucleotide and saponin would enhance antibody 
production in a positive synergistic manner. This work used vaccine 
formulations of pneumococcal Type 14 polysaccharide and ^-21 and CpG 
oligonucleotide and evaluated specific antibody titers harvested from mice on 
days 21 and 42 after immunization on days 0 and 28. Another CPG sequence 
{e.g„ 1826), repcnrted to serve as an adjuvant for hen egg lysozyme in mice, was 
selected. 

The expmments were done using materials from the following 
suppliers: OVA, Grade VI (Sigma); pneumococcal Type 14 polysaccharide 
{ ATCC); QS-21 (Aquila); CpG oligonucleotides iiiduded the phosphorothiate- 
modified sequence 1758 TCTCCCAGCGTGCGCCA and phosphorothiate- 
modified sequence 1826 TCCATGACGTICCTGACGIT (Life Technologies 
(Gibco)). 

Example 1 
CTL Induced bv OS-21 and CpG/QS-21 

C57BL/6 mice (5 per group, female, 8-10 weeks of age) were immunized 

by subcutaneous route at days 1, 15, and 29. The vaccines were 25 jig OVA 

antigen plus the indicated doses of adjuvant in a total volume of 0.2 ml 
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phosphate-buffered saline. The CpG modf used in this experiment was a 
phosphorothioate-modified oligonucleotide 1758 with a sequence of 
TCTCCCAGCGTGCGCCA (Weiner, et al., Proc. Natl Acad. Sri. 94:10833 (1997).) 
Splenocytes were removed at day 42 for use as effector cells in the CTL assay. 
They were stimulated in mtro for 6 days with mitomycin C-treated E.G7-OVA 
cells and then used in a standard ^Cr release CTL assay- E-G7-OVA cells 
(loaded with ^Cr) were used as target cells. The background lysis of EL4 cells 
(not transfected by OVA) was subtracted from the lysis of E-G7-OVA cells to 
obtain a percent (%) antigen-spedfic lysis. 

The results, as shown in Figure 1, indicate that no lysis was observed in 
the absence of adjuvant^ with any CpG dose, or with 1.25 ]xg of QS-21 
(suboptimal dose). However, the suboptimal dose of QS~21, in combination 
with CpG, induced significant CTL. The results show a substantial adjuvant 
effect at doses that are normally not expected to produce such an adjuvant 
effect This positive synergistic effect was most notable at the higher dose of 
CpG (50 ^g)« The adjuvant effect was comparable to that achieved with the 
optimal 10 ]ig control 

Example 2 
CTL Induced by OS-2 1 and CpG/OS-21 

Splenocytes from mice immunized as described in Figure 1 were used in 
a CTL assay. Splenocytes were stimulated in xntro with denatured OVA for six 
days prior to use in the CTL assay. The assay was carried out against E.G7- 
OVA cells as described in Example 1. 

As evident from the results in Figure 2, no lysis was observed in the 
absence of adjuvant, with any CpG dose, or with 1.25 pg of QS-21 (suboptimal 
dose). However, the suboptimal dose of QS-21, in combination with CpG, 
induced significant CTL (comparable to the optimal 10 |ig QS-21 control). The 
results iDustrate the positive synergism between the CpG and the QS-21 that 
was xmexpected at a suboptimal dose. 

Example 3 
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Antigen-specific Serum IgGl and IgG2a 
Serum titers to OVA were determined by EIA on sera collected on day 
42 from the mice immunized as described in Example 1. IgG subclass IgGl 
and IgG2a titers were determined far individual mice (5 mice per group) and 
are plotted as a geometric mean titer. The ^Gl titers were highest in groups 
receiving QS-21 alone (at the 10 fig dose) or 10 |ig (^21 in combination with 
either 10 or 50 fig (approximate 10 fold enhancement over the unadjuvanted 
group) as seen in Figure 3, The IgG2a response was not detectable in any 
groups except for the combination of 10 |ig QS-21 (optimal dose) with 10 or 50 
fig CpG and the combination of 125 ^g QS-21 (suboptimal dose) with 50 ^g 
CpG. IgG2a was not detected with any CpG dose used alone^ with any QS-21 
dose used alone, or in the unadjwanted group. 

Example 4 

Antibody Induced by cfe-21 and OS-21/CpG 
to Pneumococcal Polysacch aride Antigen 

BALB/c mice (5 mice per group, female, 8-10 weeks of age) were 
immunized by subcutaneous route at day 0 only or at days 0 and 28. The 
vaccines were 0.5 //g pneumococcal Type 14 polysaccharide plus the indicated 
doses of adjuvant in a total volume of 0.2 ml plu^phate-buffered saline. The 
immtmostimulatory motif CpG used in this experiment was a 
phosphorothioate-modified oligonucleotide 1826 with a sequence of 
TCCATGACGITCCTGACGTr (Chu, et al., /. Exp. Med. 186:1623-1631 (1997)). 
Q&-21 was used at a dose of 1.25 jug or 10 /zg. CpG ODN 1826 was used at a 
dose of only 10 yig. 

Sera from mice receiving a single immunization was collected at day 21. 
Sera firom mice receiving 2 immimizations was collected at day 42. Antibody 
titers specific for Type 14 polysaccharide was detennined on the sera. IgG 
subclasses IgGl, IgG2a, and IgG3 were determined for an equivoliune sera 
pool from the mice in each group. After a single immunization, IgGl titers 
were 66 fold higher for the 10 |ig QS-21/10 )Ug CpG combination than for Q5-21 
alone and were 43 fold higher than for CpG alone (Figure 4). IgG2a titers were 
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11 fold higher for the 10 /zg QS-21/CpG combination than for eifter QS^21 alone 
or CpG alone (Figure 5). IgG3 titers were 85 fold higher for the 10 QS- 
21/CpG combination than for QS-21 alone and were 95 fold higher than for 
CpG alon£ (Figure 6). 

After two immunizations, IgGl titers were 46 fold higher for the 10 /zg 
QS-21/CpG combination than for <^21 alone and were 444 fold higher tiian 
for CpG alone (Figure 7). IgG2a titers were 476 fold higher for the 10 ^g QS- 
21 /CpG combination than for C^21 alone and were 127 fold higher than for 
CpG alone (Figure 5), IgG3 titers were 67 fold higher for the 10 /ig QS-21/CpG 
combination than for QS-21 alone and were 243 fold higher than for CpG alone 
(Figure 9). The enhancement of these titers shows that tius is a positive 
synergistic effect and is not simply an additive adjuvant effect of combining 
these two adjuvants. In addition, the combination of low doses of QS-21 (125 
Mg) witfi 10 ^g CpG also produced IgGl and IgO titers after two immunizations 
that were higher than those produced by either 1.25 /zg 05-21 alone, 10 jug Q5-21 
alone, or 10 /zg CpG alone. 

The invention now being fully described, it will be apparent to one of 
ordinary skill in the art that many changes and modifications can be made 
thereto without departing from the spirit or scope of ttie invention as set forth 
below. 
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We dainu 

1. A vaccine composition comprising: 

(a) an antigen; 

(b) a saponin adjuvant; and 

(c) an immunostimulatory oligonucleotide. 

2. The vaccine composition as claimed in claim 1, wherein the saponin 
ac^uvant is derived from QuUlaja soponma. 

3. The vaccine composition as claimed in daim 1, wherein the saponin 
adjuvant comprises a substantiaUy pure saponin adjuvant 

4. The vaccine composition as claimed in claim 3, wherein the 
substantially pure saponin adjuvant comprises QS-7, Q&-17, QS-18, or QS-21. 

5. The vacdne composition as claimed in daim 4, wherein the 
substantially pure saponin adjuvant comprises QS-21. 

6. The vacdne composition as daimed in daim 1, wherein the 
immunostimulatory oligonudeotide comprises at least one unmethylated CpG 
dinudeotide. 

7- The vaccine compc^tion as daimed in daim 1, wherein the 
immunostimulatoiy oligonudeotide is modified. 

8. The vacdne composition as daimed in daim \, wherein the 
immunostimulatory oligonudeotide is modified with at least one 
phosphorothioate-modifled nudeotide. 

9. The vaccine composition as claimed in daim 6, wherein the 
immunostimulatory oligonudeotide comprises a CpG motif having the formula 
S'XjCGXjSV wherein at least one nudeotide separates consecutive CpGs, and 
wherein is adenine, guanine, or thymine, and Xj is cytosine, thymine, or 
adenine. 

10. The vaccine composition as daimed in daim S, wherein the CpG 
motif comprises TCTCCCAGCGTGCGCCAT or 
TCCATGACGITCCTGACGIT. 



wo 00/09159 



PCTAJS99/17956 



-20- 

11. The vaccine composition as claimed in claim 1, wtierein the 
composition increases the immune response to the antigen when administered 
to a mammal. 

12. The vaccine composition as daimed in daim 1, wherein the 
composition increases the immune response to the antigen when administered 
to a humtaiu 

13. Ihe vaccine composition as daimed in daim 1, wherein the 
composition increases the immune response to the antigen when administered 
to an animal. 

14. The vacdne composition as claimed in daim 1, wherein the 
composition further stimulates immunity. 

15. The vaccine composition as daimed in daim 1, wherein the 
composition further enhances antibody production to the antigen. 

16. The vacdne composition as claimed in daim 1, wherein the 
composition further enhances antibody production to the antigen in a positive 
synergistic manner. 

17. The vaccine composition as daimed in daim 1, wherein the 
composition further enhances cell-mediated immimity. 

18. The vaccine composition as claimed in daim 1^ wherein the antigen 
comprises a protein, a peptide, a poljrsaccharide, a lipid, a glycolipid, a 
phospholipid, or a nudeic add encoding the protein or peptide. 

19. An immune adjuvant composition comprising 

(a) a saponin adjuvant; and 

(b) an immimostimulatory oligonucleotide, 

20. The immune adjuvant composition as daimed in daim 19, wherein 
the saponin adjuvant is derived from QuiHaja sapanaria. 

21. The immune adjuvant composition as daimed in claim 20, wherein 
the saponin adjuvant comprises a substantially pure saponin adjuvant. 
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22. The immune adjuvant composition as claimed in claim 21, wherein 
the siibstantially pure saponin adjuvant comprises QS-7, QS-17, QS-18, or 
QS-21. 

23. The immime adjuvant composition as claimed in claim 22, wherein 
the stibstantially pure saponin adjuvant comprises QS-21. 

24. The immune adjuvant composition as claimed in claim 19, wherein 
the immimostimulatory oligonucleotide comprises at least one unmethylated 
CpG dinucleotide. 

25. The immune adjuvant composition as claimed in claim 19, wherein 
the immimostimulatory oligonucleotide is modified. 

26. The immune adjuvant composition as claimed in claim 25, wherein 
the immunostimulatory oligonucleotide is modified with at least one 
phosphozodiioate-modified nucleotide. 

27. The immune adjuvant composition as claimed in claim 24, wherein 
the immimc^timulatory oligonucleotide comprises a CpG motif having the 
formula SX^CGX^*, wherein at least one nucleotide separates consecutive 
CpGs, and wherein X, is adeiune, guanine, or thymine, and is cytosine, 
thymine, or adenine. 

28. The immune adjuvant composition as claimed in claim 27, wherein 
the CpG motif comprises TCTCCCAGCGTGCGCCAT or 
TCCATGACGTTCCTGACGTr. 

29. The immune adjuvant composition as claimed in claim 19, wherein 
the composition increases the immtme response to an antigen when 
administered to a mammaL 

30. The immune adjuvant composition as claimed in claim 19, wherein 
the composition increases the immune response to an antigen when 
administered to a human. 

51. The immune adjuvant composition as claimed in claim 19, wherein 
the composition increases the immune response to an antigen when 
administered to a animal. 
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32. The immune adjuvant composition as claimed in claim 27, wherein 
the antigen comprises a proteirv a peptide, a polysaccharide, a lipid, a 
glycolipid, a phospholipid, or a nucleic add encoding the protein or peptide. 

33. A method for stimulating immunity to an antigen in an individual 
comprising administering an effective amount of a vacdne composition as 
claimed in claim 1. 

34. The method as daimed in claim 33, wherein the saponin adjuvant is 
derived from QuiWga saponariiL 

35. The method as daimed in claim 34, wherdn the sapoiun adjuvant 
comprises a substantially pure saponin adjuvant 

36. The method as claimed in claim 35, wherein the substantially pure 
saponin adjuvant comprises QS-7, QS-17, QS-18, or QS-21. 

37. The method as claimed in daim 36, wherein the stibstantially pure 
saponin adjuvant comprises QS-21. 

38. The method as daimed in daim 33, wherein the immunostimulatory 
oligonudeotide comprises at least one vinmethylated CpG dinudeotide. 

39. The method as claimed in claim 33, wherein the immunostimulatory 
oligonudeotide is modified. 

40. The method as daimed in daim 39, wherein the immunostimulatory 
oligonudeotide is modified witfi at least one phosphorothioate-modified 
nudeotide. 

4L The method as daimed in daim 38, wherein the immtmostimulatory 
oUgonudeotide comprises a CpG motif having the formula S'X^CGX^*, wherein 
at least one nucleotide separates consecutive CpGs, and wherein X, is adenine, 
guanine, or thymine, and X2 is cjrtosine, thymine, or adenine. 

42. The method as daimed in daim 41, wherein the CpG motif 
comprises TCTCCCAGCGTGCGCCAT or TCCATGACGTTCCTGACGIT. 

43. The method as daimed in daim 33, wherein the composition 
increases the immune response to an antigen when administered to a mammal. 
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44. The mettiod as claimed in claim 33^ wherein the composition 
increases the immune response to an antigen when administered to a human. 

45* The method as daimed in claim 33, wherein the composition 
increases the immime response to an antigen when administered to an animal. 

46. The method as daimed in daim 33, wherein the method further 
enhances antibody production to the antigen. 

47- The method as claimed in daim 46, wherein the method further 
enhance antibody production in a positive synergistic manner. 

48. The method as daimed in daim 33, wherein the method further 
enhances cell-mediated immunity. 

49. A method for increasing the immune response to an antigen in an 
individual or a test sjrstem to which the antigen is administered comprising 
administering an effective amoimt of an immime adjuvant composition as 
claimed in daim 19. 

50. The method as daimed in daim 49, wherein the saponin adjuvant is 
derived from QuUlaja sapomria. 

51- The method as daimed in daim 50, wherein the saponin adjuvant 
comprises a substantially pure saponin adjuvant. 

52. The method as daimed in daim 51, wherein the substantially pure 
saponin adjuvant comprises QS-7, OS-l?, QS-18, or QS-21. 

53. The method as daimed in daim 52^ wherein the substantially pure 
saponin adjuvant comprises Q5-21. 

54. The method as claimed in daim 49, wherein the immunc^timulatory 
oUgonudeotide comprises at least one unmethylated CpG dinudeotide. 

55. The method as daimed in daim 49, wherein the immunostimulatory 
oUgonudeotide is modified. 

56. The method as daimed in daim 55, wherein the immunostimulatory 
oUgonudeotide is modified with at least one phosphorothioate-modified 
nudeotide. 
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57. The method as claimed in claim 54, wherein the immunastimulatory 
oligonucleotide comprises a CpG motif having the formula ffXjCGXzS', wherein 
at least one nucleotide separates consecutive CpGs, and wherein X, is adenine^ 
guaniite, or thymine, and Xj is cytosine, thymine, or adenine* 

58. The method as claimed in daim 57, wherein the CpG motif 
comprises TCTCCCAGCGTGCGCCAT or TCCATGACGTTCCTG ACGTT- 

59. The method as claimed in daim 49, wherein the composition 
increases the immune response to an antigen when administered to a mammal 

60. The mettxod as daimed in daim 49, wherein the composition 
increases the immune response to an antigen when administered to a human. 

61- The method as daimed in daim 49, wherein the composition 
increases the immime response to an antigen when administered to an animal, 

62- The method as claimed in daim 59, wherein the antigen comprises a 
protein, a peptide, a polysaccharide, a lipid, a glycolipid, a phospholipid, or a 
nuddc add encoding the protein or peptide. 
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